This study, we investigated the role of Chitosan-Pinus merkusii extracts nanoparticle in against lead acetate-induced cardiac cell damage in rat. Chitosan-Pinus merkusii extract nanoparticle was characterized by Scanning Electron Microscope (SEM) and Dynamic Light Scattering (DLS) .The fifty rats were divided into: control group (rats were given with distilled water); lead acetate group (rats were injected with lead acetate 15 mg/kg body weight i.p.), and the treatment group (rats were given the chitosan-Pinus merkusii nanoparticle 100mg; 200 mg; 400 mg/kg body weight orally and were injected with lead acetate 15 mg/kg BW). The blood was taken to be measured lactate dehydrogenase (LDH) and Creatinine Kinase-MB (CK-MB) level. Also the cardiac tissues were collected to evaluate the malondialdehyde (MDA), superoxide dismutase (SOD), glutathione peroxidase (GPx), and histological evaluations of heart damage. The size of Chitosan-Pinus merkusii extract nanoparticle in the DLS was 201.8±14.6 nm, while in the SEM showed an irregular shape and rough surface. The lead acetate significant increased LDH, CK-MB,MDA, and decreased SOD, GPx. Histological analysis, lead acetate also induced necrosis in the cardiac cell. However, treatment with the Chitosan-Pinus merkusii extract nanoparticle, only dose400 mg/kg BW significantly decreased LDH, CK-MB, MDA, and increased SOD, GPx levels. The Chitosan-Pinus merkusii extract nanoparticle 400 mg/kg BW also demonstrated significantly improved cardiac cell damage. From the results, it is concluded that the Chitosan-Pinus merkusii nanoparticle is a potent antioxidant in against lead acetate-induced cardiotoxicity in rats.
INTRODUCTION
Environmental pollution and exposure to heavy metals is a serious growing problem throughout the world the last decades. Lead acetate is one of a non-essential toxic heavy metal which can cause extensive environmental pollution and problems in almost all the body tissues (bones, lung, kidneys, liver, reproductive organs, immune system, and heart) of human and animal. 1 It has been reported that lead acetate causing neurotoxicity, hepatotoxicity, nephrotoxicity, gastrotoxicity, reproductive systems toxicity, and cardiotoxicity. 2, 3, 4 Previous studies also have reported that toxicity of lead (Pb) has been CHITOSAN-Pinus merkusii EXTRACT NANOPARTICLES S.A. Sudjarwo et al.. associated with cardiovascular disease. There is an association between heart disease and lead acetate toxicity. 5 The mechanism of lead-induced cardiotoxicity is the oxidative stress, through the increased production of reactive oxygen species (ROS) or free radicals such as hydroxyl radical (OH -), nitric oxide (NO) and superoxide ion (O2 -), and the decreasing antioxidants such as glutathione peroxidase (GPx), superoxide dismutase (SOD) and Catalase (CAT) in the heart. 6, 7, 8 In addition, ROS are the major contributing factors to stress injuries on membrane lipids, protein, and DNA, and to cause rapid cellular damage. It was also reported that Malondialdehyde (MDA) is secondary products of lipid peroxidation, may be utilized as a marker of cardiac cell damage. The increasing concentration of MDA is evidence of heart tissue damage of lead toxicity processes caused by increased free radicals. 2, 4 Recent studies have shown that several antioxidants of the natural product have protective effects against lead-induced oxidative damage and free radical generated formation in the body. Natural products are easily found as sources of antioxidants which contain a mixture of different chemical compounds to improve health and to treat diseases. 9 Antioxidant activity or inhibition of generation of free radicals plays important role in prevention against such cardiotoxicity. So, it has been claimed that protective agents such as antioxidants, may be used to preventive on heavy metal toxicity in the heart. 10 The advantage of using natural products or herbal medicine for the treatment of various diseases was low cost and little side effects compared with a conventional drug. 11 Many authors tried herbal medicine like Nigella sativa 7 , Murraya koenigii 6 , Curcuma longa 12 against lead-induced cardiac cell damage. This study has been focused on the protective effect of natural products or herbal medicine having antioxidant properties of Chitosan-Pinus merkusii for protective in reducing free radical-induced cardiac cell damage. It has been demonstrated that Pinus plant was due to the phytochemicals possessed, including alkaloids, polyphenols, flavonoids, lignans, triterpenes, sterols, glycosides, triterpenoids, and saponins 14, 15 . Recent research activities have shown that Pinus plant is an important source of pycnogenol that contains proanthocyanidins (procyanidins). [16] [17] [18] Proanthocyanidins are potent, free radical scavengers, antibacterial agents, exhibit vasodilatory, anti-allergic, anti-inflammatory, cardioprotective, immune-stimulating, antiviral, and estrogenic activities. [18] [19] [20] In recent years, the synthesis of natural product nanoparticles is an interesting issue of the nanoscience and nanobiotechnology 21 . There is growing attention to biosynthesis the nanoparticles using a natural product, and they are suitable for large-scale biosynthesis of nanoparticles. In medicine, natural product nanoparticles are used as therapeutic agents to more efficient into the target site. Nanoparticle have advantages such as better bioavailability, solubility and efficacy. 22 Chitosan is one of natural product reported is widely used in pharmaceutical and biomedical applications. 23, 24 Chitosan nanoparticles have drawn the attention of researchers for their experiment and are used for both invitro and invivo applications. 25, 26 Its also non-toxic and are known to possess many biological activities such as antibacterial, antioxidant, anti hyperlipidemia, anti-diabetic, anti-HIV, antiinflammatory activities, drug delivery, and immune enhancing, make it an ideal delivery agent for applications in medicine. [27] [28] [29] Chitosan-Pinus merkusii extract nanoparticle is more stable, and the rate of synthesis is faster than that in the case of other organisms. The aim of the present study was to investigate the cardioprotective activity of the Chitosan-Pinus merkusii extract nanoparticle on lead-induced cardiac cell damage in Wistar albino rats.
EXPERIMENTAL Chemicals
Lead acetate was obtained from Sigma-Aldrich (Cat. No 6080-56-4), USA. The assay kit of MDA in tissues was purchased from NWLSS (Cat. No. NWK MDA01), USA. The measurement of tissue levels of SOD and GPx activities was performed using assay kits from Cayman Chemicals (Cat. No. 706002 and 703102, respectively), USA.
Preparation of Chitosan-Pinus Merkusii Nanoparticles
Chitosan-Pinus merkusii extract nanoparticle was prepared using ionotropic gelation method. 15, 30 The 0.2% (w/v) solution of chitosan was made in 0.1% (v/v) glacial acetic acid and then filtered.
The 0.1% (w/v) solution of tripolyphosphate (TPP) was made in deionized water. Under constant stirring, 0.4% (w/v) extract of Pinus merkusii in 70% ethanol was added to 0.2% (w/v) solution of chitosan, and then sonicated for 5 min. Furthermore, under constant stirring, TPP solution was added dropwise. The ratio of chitosan : TPP solution was maintained at 2 : 1. The supernatant was centrifuged at 25 000 rpm for 20 min, and then sediment of chitosan-Pinus merkusii was characterized.
Characterization of Nanoparticles by Scanning Electron Microscopy and Dynamic Light Scattering
The surface morphological features such as particle size, shape and topography of the Chitosan-Pinus merkusii extract nanoparticle were observed using SEM. Dynamic light scattering was done using Malvern Instruments version 2.2. The average particle size of the Chitosan-Pinus merkusii extract nanoparticle was determined.
Experimental Animal
The male Wistar rat was used in this research with weighing about 200-250 g (2.5-3 months) were purchased from Gadjah Mada University, Yogyakarta, Indonesia. The rats were housed in cages with a room temperature maintained at 26 ± 2 o C and given feed and water drink ad libitum. 
Experimental Design
The 50 male rats were divided into: control group (rats were given with distilled water); lead acetate group (rats were injected i.p. with lead acetate 15 mg/kg body weight), and the treatment group (rats were given orally the chitosan-Pinus merkusii nanoparticle 100 mg/kg, 200 mg/kg, 400 mg/kg BW once a day for 11 days, and on 4th day rats were injected i.p. with lead acetate solution at a dose of 15 mg/kg BW one hour after the chitosan-Pinus merkusii extract nanoparticle). On day 11, the rat's blood samples were taken by cardiac puncture to be measured LDH and CK-MB levels. Furthermore, rats were sacrificed, and cardiac tissues were homogenized with 50 mM sodium phosphate buffer (pH 7.4) containing 0.1 mM ethylene diamine tetra acetic acid. The supernatant was centrifuged at 1000 g for 20 min at 4 ο C. The supernatant was used for the analyzes of MDA and antioxidant enzymes (SOD and GPx). The heart was also fixed in a 10% neutral buffered formalin solution for histo pathological evaluation of the heart damage
Measurement of Lactate Dehydrogenase and Creatine Kinase-MB Fraction
The serum was analyzed for the presence of enzymes related to cardiac cells damage such as LDH and CK-MB 8, 10 . All analysis was conducted with commercially assay kits according to the manufacturer's instructions
Measurement of MDA
The supernatant of homogenate heart tissue was measured to determine MDA level by the thiobarbituric acid method, on the absorbance at 532 nm, which was expressed in nanomoles MDA/g tissue. 
Measurement of Antioxidant Enzymes
The SOD activity was measured with a kit of SOD detection according to the manufacturer's instructions. The level of SOD was measured at 505 nm, which was expressed in U/mg protein. 3 The GPx activity was measured with a kit of GPx detection according to the manufacturer's instructions. The GPx was evaluated spectro photometrically at 340 nm, which was expressed in U/mg protein. 4 
Histopathological Examination
The tissue of heart was fixed in a 10% solution of neutral buffered formalin, embedded in paraffin and stained with used hematoxylin and eosin for histopathological examination. 
RESULTS AND DISCUSSION

Characterization of Nanoparticles by Scanning Electron Microscopy and by Dynamic Light Scattering
Nanotechnology is the term given to those areas of science and engineering in which materials are designed at nanometer range. The nanotechnology was new advances in technology which now can be used to produce natural product nanoparticles. Nanoparticle-based natural product may enhance drug bioavailability, solubility, stability and efficacy compared to a pure natural product. 22 The variously of polymers can be utilized for herbal extract-loaded nanoparticles, however, chitosan has a role important in both the pharmaceutical and medical field. 21 We made Pinus merkusii extract was encapsulated into chitosan nanoparticle with use sodium tripolyphosphate on ionotropic gelation method, which has more advantages over Pinus merkusii extract. Scanning Electron Microscopy(SEM) images of the nanoparticles prepared using ionic gelation revealed that the nanoparticle surface showed the rough surface morphology and irregular shape (Fig.-1) . Recent nanoparticle technology has enabled for the production of nanoparticle with unique size, shape, and materials, which in turn has facilitated major advancements in the research of nanomedicine. Nanoparticles have been widely used in the field of medical, pharmaceutical as well as for therapeutic purposes because nanoparticles have very small sized particles. The size of nanoparticles is <1000 nm that have specific physicochemical properties different to pure materials of the same composition and such properties make them very attractive for pharmaceutical and medical development. The Chitosan-Pinus merkusii extract nanoparticles have average particle size 201.8±14.6 nm on Dynamic Light Scattering as shown in Fig.-2 . Due to this modification can improve bio distribution and increase specificity and sensitivity, and reduced pharmacological toxicity. Table-1 showed the results of CK-MB and LDH level in all groups. In the lead acetate group, increased of CK-MB and LDH significantly (P < 0.05) when compared with the control group. However, in the treatment with Chitosan-Pinus merkusii extract nanoparticle at dose 400 mg/kg BW but not at dose 100 mg/Kg and 200 mg/kg BW showed a significant decrease (P < 0.05) in CK-MB and LDH level when compared to the lead acetate group. The results suggest that the lead acetate administration can increase CK-MB and LDH level in serum, which indicated that lead acetate-caused oxidative stress leading to lipid peroxidation increasing that can damage cardiac cells and releases CK-MB and LDH. Whereas the treatment with Chitosan-Pinus merkusii extract nanoparticle can inhibit the formation of ROS and oxidative damage in the cardiac cell, so CK-MB and LDH level in serum decreasing. 
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Effects of Chitosan-Pinus Merkusii Extract Nanoparticle on Lead Acetate-induced Changes in CK-MB and LDH
Effects of Chitosan-Pinus merkusii Extract Nanoparticle on Lead Acetate-induced Changes in MDA, SOD, and GPx of Heart Tissue
In this study, we investigated the protective effect of Chitosan-Pinus merkusii extract nanoparticle on the administration of lead acetate-induced the oxidative stress changes in the heart tissue in rats. Table 2 showed the results of the MDA level of heart tissue in all groups. In the lead acetate group, the MDA level of heart tissue significantly increasing were compared with the control group (P < 0.05). The lead acetate-induced toxic effect in biological systems have been related to increased MDA level as the final products of lipid peroxidation through the generation of free radical, including hydro peroxides, singlet oxygen, and hydrogen peroxide, and the direct depletion of antioxidant reserves. 2, 3, 6, 8 This means that it occurs increased the oxidative stress in the lead acetate group rats. The treatment of Chitosan-Pinus merkusii extract nanoparticle significantly lowered MDA level in the heart tissues were compared with the lead acetate group, it indicated attenuation of lipid peroxidation (Table 2) . Treatment with ChitosanPinus merkusii extract nanoparticle at dose 400 mg/Kg BW but not at dose 100 mg/Kg and 200 mg/kg BW markedly reduced heart tissue MDA in lead acetate treatment which was significantly different from the control group (P < 0.05). It has been reported that lead acetate caused oxidative stress and tissue damage could be related with two mechanisms including increased generation of Reactive Oxygen Species (ROS) and direct depletion of antioxidant reserves. 4 The lipid peroxidation can be increased by lead acetate administration, which may affect the cytoplasmic membranes and mitochondrial, causing more severe oxidative damage in the tissues. 5, 8 In this study, Chitosan-Pinus merkusii extract nanoparticle have powerful antioxidant and free radical scavenger can decrease the MDA level induced by lead acetate in rats heart. Treatment of rats with Chitosan-Pinus merkusii extract nanoparticle prevented the MDA level to rise when the rats were challenged with lead acetate. This means that Chitosan-Pinus merkusii extract nanoparticle inhibited the toxic effect of lead acetate through its antioxidant activity. The mechanism of antioxidant protective decreases the oxidative stress and scavenges the free radical responsible for the hearts damage and thus inhibit the lipid peroxidation as measured by MDA levels. The findings of this study suggest that Chitosan-Pinus merkusii extract nanoparticle could inhibit oxidative stress by decreasing the MDA level (lipid peroxidation) in the lead acetate treated heart. The activities of SOD, and GPx have been associated to occur oxidative stress in cells. Many studies have reported that lead acetate inhibiting functional SH groups in several enzymes such as SOD, and GPx, thus it can decrease antioxidant activities. 1 In the present study, Table- 2 also showed the results of the lead acetate group, the SOD, and GPx level of heart tissue significantly decreased were compared with the control group (P < 0.05). The treatment with Chitosan-Pinus merkusii extract nanoparticle at dose 400 mg/Kg BW but not at dose 100 mg/Kg and 200 mg/kg BW markedly increased SOD, and GPx level of heart tissue in lead acetate treatment which was significantly different from the lead acetate group (P < 0.05). This decreased SOD, and GPx activities with lead acetate treatment is in agreement with previous research. This suggested that lead acetate exposure can inhibit the activity of antioxidant enzyme so induced oxidative stress. 9, 10 However, the Chitosan-Pinus merkusii extract nanoparticle administration increased the SOD, and GPx level in the heart tissue of lead acetate-treated rats, which might be due to the ability of Chitosan-Pinus merkusii extract nanoparticle to decrease the free radicals. Chitosan-Pinus merkusii extract nanoparticle acts as a scavenger for the free radicals, thus inhibiting heart tissue damage. The decrease in lipid peroxidation due to Chitosan-Pinus merkusii extract nanoparticle administration has been related with the antioxidant defense system such as SOD, and GPx, which normally protect toxicity of free radical. The administration of Chitosan-Pinus merkusii protected cardiac damage through SOD and GPx which can a membrane stabilizing effect and this supported by decreasing CK-MB and LDH activities. Thus membrane stabilization would inhibit the mobility of lipid peroxyl radicals and would restrict to interact with adjacent membrane polyunsaturated fatty acids.
Effects of Chitosan-Pinus merkusii Extract Nanoparticle on Lead Acetate induce Cardiac Cell Damage
It has been reported by some researchers that heavy metal toxicity such as lead acetate on structural changes in heart tissue in histopathological. In the present study, histological observations on the negative control showed that cardiac cell is observable and they appear normal architecture of the muscle fibers. In the positive control, rats were administered only with lead acetate showed cardiac cell damage (necrosis). In the rats, treated with Chitosan-Pinus merkusii extract nanoparticle, the number and morphological integrity of cardiac cells are being preserved. The heart damage (necrosis) was considered mild in the groups treated with Chitosan-Pinus merkusii extract nanoparticle 400 mg/kg. Observations indicate that the cardio toxic effects lead acetate was reduced by Chitosan-Pinus merkusii extract nanoparticle (Fig.-3) . 
CONCLUSION
The results of the present study indicate that lead acetate-induced heart toxicity can be associated with oxidative stress. The treatment with Chitosan-Pinus merkusii extracts nanoparticle can protect on lead acetate-induced cardiac cell damage through inhibiting the free radical and increasing antioxidant enzyme. Further protective effects of Chitosan-Pinus merkusii extract nanoparticle may be developed clinically to treat patients with lead acetate-induced heart failure.
